Speckle Reduction in Ultrasound Image by M. Saranya & C. Saraswathy
International Journal of Electronics and Computer Science Engineering              343 
 
                          Available Online at www.ijecse.org                                            ISSN: 2277-1956 
 
 
ISSN-2277-1956/V1N2-343-347                                                                           
Speckle Reduction in Ultrasound Image 
M. Saranya  
1, C. Saraswathy  
2, 
1,2K.S.Rangasamy College of Technology, Department of ECE, Tiruchengode, Namakwa, 
Email-
1saranya.saransasi.mari@gmail.com 
Abstract - In this paper, a detailed description and comparison of speckle reduction of medical ultrasound 
is presented. Four speckle reduction filters are described in a detailed fashion to facilitate implementation 
for  research  and  evaluation.  The  filtering  techniques  considered  include  Lee,Kuan,Frost  and  Oriented 
Speckle Reducing Anisotropic Diffusion(OSRAD). These filtering techniques are applied to a 2D liver image 
and respective de speckled images are obtained. Application of objective quality metrics quantifies the 
preservation of image edges, overall image distortion, and improvement in image contrast. It is concluded 
that the optimal method is the OSRAD diffusion filter. This method is capable of strong speckle suppression 
with less computational complexity.  
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I.INTRODUCTION 
   For more than two decades ultrasound imaging has been considered as one of the most powerful techniques 
for imaging organs and soft tissue structures in the human body. Today, it is being used at an ever-increasing rate 
in the field of medical diagnostic technology. Ultrasound imaging is often preferred over other medical imaging 
modalities because it is noninvasive, portable, versatile; it is relatively low-cost. However, the main disadvantage 
of medical ultrasound imaging is the poor quality of images, which are affected by multiplicative speckle noise. 
Speckle occurs especially in images of the liver and kidney whose underlying structures are too small to be   
resolved by large wavelength ultrasound. Speckle is a random, deterministic, interference pattern in an image 
formed with coherent radiation of a medium containing many sub-resolution scatterers. 
                Many filtering techniques are used to filter the speckle noise in ultrasound images. In this paper, four 
speckle reducing filters are considered namely Lee, Kaun, Frost and OSRAD. Lee,Kaun and Frost are standard SAR 
(synthetic radar aperture) filters.SAR suffers speckle degradation similar to ultrasound imaging, and so methods 
proposed for SAR speckle reduction are also applicable to medical ultrasonics. Whereas, OSRAD is an anisotropic 
diffusion filter. These filtering techniques are applied to a 2D ultrasound image and respective de-speckled images are 
obtained. Comparison of the filter performance is made based on some quality metrics measurement like PSNR (peak 
Signal-to-Noise ratio), SNR(Signal-to-Noise ratio),RMSE (root mean square error) and MSE (mean square error). 
The effect of additive noise is considered negligible, leading to 
                              I(x,y)=R(x,y) n(x,y)                                                                         (1)                                                                
where (x,y) are the spatial coordinates. I(x,y) is the observed image, R(x,y) represents the signal or reflectivity, 
and n(x,y) the speckle noise. 
II. SAR SPECKLE REDUCTION METHODS 
         SAR suffers speckle degradation similar to ultrasound imaging, and so methods proposed for SAR speckle 
reduction  are  also  applicable  to  medical  ultrasonics.  Three  such  methods  are  considered  here,  based  on  a 
multiplicative model of speckle noise as in (1) [2]. These methods assume statistical independence of n(x,y) and 
R(x,y).These filters also make the assumption that the ratio of noise standard deviation to mean is constant throughout 
the image. This simplification is only strictly true in some situations. The spatially-varying mean and variance of the 
observed image are denoted by, 
                             x,y              and   
 (x,y) 
       The coefficients of variation of the image and noise are given as 
                       C    x,y  =
σ   ,  
   ,   ,   =
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A. The Lee Filter 
                 The multiplicative Lee filter [8] approximates (1) with a linear model to obtain the signal estimate Rˆ. 
The formulation of [2] is presented here 
   (x,y)=I(x, y) W(x,y)+   ,            1 −    ,                                            (3) 
where W(x, y)is a weighting function given by  
                  W(x,y)=1−  
 /  
 (x,y)                            (4) 
B. The Kuan et al. Filter 
The filter proposed by Kuan et al. [14] is derived by transforming (1) into a signal-dependant additive noise 
formulation instead of the linear approximation used in the Lee filter. The same general form as the Lee filter is used, 
but with a weighting function given by 
           W(x,y)=
    
 /  
   ,  
    
                                   (5) 
C. The Frost et al. Filter 
The filter proposed by Frost et al. [4] estimates the noise-free image by convolving the observed image with a 
spatially-varying kernel as Rˆ(x,y) = I(x, y) * m(x, y).  
The kernel m(x, y), centred at the pixel at location (x0, y0), is                          
                  m(x,y)=  exp(−   
 (  ,  )|x,y|                     (6) 
where the parameter K controls the dampening rate, |x, y| represents the distance of each pixel within the window 
to (x0, y0), and K1 is a normalizing constant. This method does not require an estimate for Cn. Parameter K must be 
chosen such that mean filtering is performed for homogeneous regions and filtering is inhibited at edges. 
III. ANISOTROPIC DIFFUSION 
A. Oriented Speckle Reducing Anisotropic Diffusion (OSRAD) 
Krissian et al. [9] extended the Speckle Reducing Anisotropic Diffusion (SRAD) method to a matrix diffusion 
scheme. This allows the speckle adaptive diffusion to vary in strength in the contour and curvature directions. The 
improvements of the Detailed Preserving Anisotropic Diffusion (DPAD) method are used in this filter, such as the use 
of a larger window to estimate q(x,y;t), and the median estimation of q0(t). It is shown in [9] that the local directional 
variance is related to the local geometry of the image. The extension of the SRAD method to a matrix scheme is 
performed by finding the local directions of gradient and curvature. 
The eigen values of D, defining the strength of diffusion in the gradient and curvature directions, are given as 
                     =       ,          
where       is the SRAD diffusion [c(q)], and       is a constant. 
IV. FILTER PERFORMANCE EVALUATION 
Four image quality metrics are applied to despeckled images. They are PSNR (Peak Signal-to-Noise ratio), SNR 
(Signal-to-Noise ratio),RMSE (root mean square error) and MSE (mean square error). 
1. Peak Signal-to-Noise ratio (PSNR) : 
Provides the quality of the image in terms of the power of the original and denoised images given by, 
PSNR=10log    
       
      =10log   
    
    )      
Where MSE is the mean square error 345 
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2. Signal-to-Noise ratio (SNR) 
              SNR Compares the level of desired signal with respect to the level of background noise.It is 
defined as given below, 
SNR=10log    
  
 
  
  
3. Root Mean Square Error (RMSE) 
Measure of square root of the squared error averaged over an pixel window which is given by, 
RMSE= 
 
  ∑ ∑    ,  −   ,  
′  
   
 
       
4.Mean Square Error (MSE) 
This Quantify the amount of despeckling between the original and denoised images which is given by, 
MSE=
 
  ∑ ∑    ,  −   ,  
   
   
 
       
V. EXPERIMENTAL RESULTS 
Input image: 
 
 
 
 
 
 
 
 
 
Noise Image 
 
 
 
 
 
 
 
 
 
 
Lee filter output:       
 
 
 
 
 
 
 
 
 
 
 
 IJECSE, Volume1, Number 2  
                                                          M. Saranya and C. Saraswathy 
ISSN-2277-1956/V1N2-343-347                                                                         
Kaun Filter Output 
 
Frost filter output:  
 
 
 
 
 
 
 
 
 
OSRAD filter output: 
 
 
VI. FILTER ANALYSIS 
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VII. CONCLUSION 
Speckle noise reduction in ultrasound image is done using Lee filter, Kuan filter, Frost filter and OSRAD filter. 
And the comparison is made with PSNR, SNR, RMSE and MSE values. Finally it has been observed that OSRAD 
filter yields better result than other three filters for removing speckle noise. 
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